Objective. The aim of our study was to identify risk factors for early restenosis after carotid endarterectomy (CEA). Methods. Prospective follow-up of 497 primary CEAs was performed at 3, 6, 12 and 24 months by clinical assessment and duplex ultrasound to identify R50% restenosis. Results. Early restenosis occurred in 71 (14.3%) patients. By univariate analysis high carotid clamping time (CCT) (pZ 0.002) and absence of shunt use (pZ0.03) were related to early restenosis. High CCT was the only independent predictor of early restenosis in a forward stepwise logistic regression model (ORZ2.25; CI 1.2-4.1; pZ0.008).
Introduction
The efficiency of carotid endarterectomy (CEA) is limited by complications including restenosis. Reported rates of restenosis following endarterectomy vary from 3 to 37% but high-grade (O80% stenosis) or symptomatic lesions occur in fewer than 7% of patients. 1 Risk factors for primary early restenosis include female sex, age, hyperlipidaemia, hypertension and continued cigarette smoking. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Patients who develop restenosis may have increased prevalence of coronary artery disease, hyperlipidaemia, diabetes mellitus and family history of cardiovascular disease. 11 In the largest study of this type on 825 patients from the ACAS Trial of the 15 potential risk factors tested, only the use of patch angioplasty was associated (negatively) with carotid restenosis. 12 The aim of the study was to find risk factors of early restenosis in a large homogenous group of patients after primary CEA.
Materials and Methods

Study design
We initially included 537 patients undergoing primary carotid artery endarterectomy (CEA). Over 60% of patients were symptomatic, presenting with stroke, transient ischemic attack (TIA) or amaurosis fugax (AF). The remaining group was asymptomatic and referred to the department prior to cardiac or surgical procedures, in the process of diagnosis for peripheral occlusive artery disease (PAOD) or renal hypertension. The indication for CEA in the symptomatic subgroup were at least 70% stenosis (95% of patients) or severe neurological symptoms with less then 70% but more then 50% stenosis. 13 Indications for CEA in the asymptomatic group were Asymptomatic Carotid Surgery Trial (ACST) randomisation, 14 near-occlusion or critical stenosis (O95%) and preparation for a major operation. During follow-up we excluded cases where patient either died or were lost to follow-up within 6 months of the operation (40 patients). The final study included 497 patients. Post-operative follow-up was performed at 3, 6, 12 and 24 months with clinical assessment and duplex ultrasound. The median follow-up time was 24 months (range 6-24 months). All data were censored at the date of last follow-up and the presence of a 50% restenosis was considered an event. Most of the restenoses were found in the endarterectomy zone. In the subgroup without restenosis the following number of patients where under observation at yearly intervals of follow-up: after 12 months 347 patients (81.4%) and after 24 months 315 (73.9%) of patients. The other patients either died or where lost from observation because of other causes (e.g. migration). Informed consent was obtained from all participating patients. The study protocol was approved by the Regional Ethics Committee.
Definitions
Pre-operative and follow-up assessment of the extracranial arteries was performed with duplex ultrasound by the same experienced ultrasonographer. The presence of at least 50% restenosis was defined if the peak systolic velocity ratio (internal carotid artery/ common carotid artery flow velocity) was O3.6 or the internal carotid systolic peak velocity was O125 cm/s with an end diastolic velocity O50 cm/s. 15, 16 Risk factors, were defined as follows: hypertension, diabetes mellitus types I and II and coronary heart disease when medically treated, previous myocardial infarction on the basis of patient hospital records, peripheral occlusive artery disease (PAOD) when clinically symptomatic. Smokers were classified as such when still smoking or having smoked within the last 5 years. Hypercholesterolaemia, raised LDLcholesterol or hypertriglicerydaemia measured by a standard hospital laboratory methods at the time of admission. Positive CT scan included the presence of ischaemia foci ipsi-and contralaterally or in both locations. Carotid clamping time (CCT) was defined as the time of placement of clamp and for cases where a shunt was used as a time from the clamp installation till the introduction of the shunt. Pre-operative or postoperative neurological events including transient ischemic attack (TIA), amaurosis fugax (AF) or stroke were based on the neurological examination either in patient medical record or performed by a experienced neurologist during hospitalization. Systemic perioperative complications included cardiac (MI, arrhythmia, cardiogenic shock), pulmonary and renal complications. Local complications included those possibly influencing restenosis: haematoma, hemorrhage and infection.
Statistical methods
All results for continuous variables are expressed as meansGSD and skewed variables as the median and interquartile range. The threshold level for carotid clamping time was established via a receiver-operating curve (ROC) relating CCT to early restenosis. The CCT value showing the maximum likelihood ratio was defined as the threshold point. For the relation between clinical data we used chi-squared 2 and Yates' correction for dichotomized comparisons or Fisher exact test for categorical variables with small number of expected frequencies.
t
restenosis rates were also estimated and illustrated with the Kaplan-Meier method, using the log-rank test for comparison of groups. Statistical analyses were performed with SAS software version 8e (SAS Institute Inc., Cary, NY).
Results
Baseline characteristic
The median age of studied patients was 66 years (range 41-85 years), 311 (62.5%) were male and 144 (29.6%) asymptomatic, 358 (72.5%) were being treated for hypertension, 295 (59.7%) were being treated for coronary heart disease and 93 (18.8%) were on treatment for diabetes. A history of myocardial infarction was present in 97 (19.8%) patients, 217 (55.1%) patients had dyslipidaemia, 162 (32.8%) had clinical symptoms of peripheral artery occlusive disease, 421 (88.3%) were active smokers or were still smoking within the last 5 years. Critical stenosis (O 95%) of the operated artery was noted in 44 (8.9%) patients. Contralateral stenosis was present in 324 (66.3%) patients with 82 (16.8%) having contralateral occlusion. Surgical parameters included the use of local anaesthesia in 493 (99.4%) of cases and the use of shunts in 76 (15.3%) cases. Carotid clamping time ranged from 1 to 45 min, with a median of 18 min. Peri-operative complications included death which occurred in 4 (0.75%) cases, major stoke in 10 (2.02%) cases, systemic complications in 2 (0.4%) cases and local complications in 10 (2.0%) cases.
Correlation with outcome
Early restenosis occurred in 71 (14.3%) patients, 34 (47.9%) during the first 3 months of follow-up and only 9 (12.6%) in the second year after CEA. CCT was greater in the subgroup of patients with early restenosis than in those without restenosis after 24 months (pZ0.002). To facilitate clinical interpretation we proposed a threshold value for CCT by means of ROC. The area under the curve relating CCT to early restenosis was 0.615 (95% CI 0.57-0.65) and the highest likelihood ratio corresponded to a value of 18 min in the prediction of early restenosis.
Univariate analysis disclosed longer carotid clamping time (pZ0.002), higher rate of peri-operative strokes (pZ0.05) and a lower number of operations with the use of shunt (pZ0.03) as related to early restenosis (Table 1 ). In the subgroup with negative outcome there was also more patients with young age (!50) and dyslipidaemia (in both cases pZ0.06). All these variables were included in a logistic regression analysis for the prediction of early restenosis (Table 2 ). In the forward stepwise procedure with Bonferroni correction only carotid clamping time was retained as an independent predictor of the negative outcome (ORZ2.25; CI 1.2-4.1; pZ0.008). Freedom from restenosis rates estimated with Kaplan-Meier method, using the log-rank test for comparison of groups with carotid clamping time above and below calculated threshold levels is presented on Fig. 1 (pZ0.0001) . The only statistically significant conditions differing between low and high CCT subgroups were a more frequent use of shunt and higher rates of contralateral occlusion in the low CCT group (respectively, pZ 0.004, p!0.0001). 
Discussion
Our study was conducted on a homogenous group of patients undergoing their primary internal carotid artery endarterectomy. We found that out of the vast group of studied parameters only carotid clamping time (CCT) can be considered as an independent predictor of early restenosis. We propose carotid clamping time as a novel risk factor of early restenosis. CCT could be a direct or indirect marker for other risk factors of restenosis. Large or soft atherosclerotic plaques usually require a longer procedure. If not totally removed residual plaques might cause an early restenosis. Shorter carotid clamping time can be a marker of a surgical technique or skill. It is also possible that clamping due to induction of local ischaemia in the vessel wall accelerates the processes of restenosis. Since in the shunt group CCT was measured until the time of shunt installation, CCT is also related to the time of cerebral ischaemia.
In conclusion, the relation between carotid clamping time and early restenosis seems to be an interesting field for future studies. 
